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ABSTRACT

A method is expounded for relative measurements of brightness
contrasts of radio emission from various regions of the lunar disk by
means of radiotelescopes of high resolution. Presented here are the re-
sults of measurements of "maria"™ and continental" regions' emission con-
trasts, in the 8 mm wave, completed with a PT-22 radiolelescope of the
Institute of Fhysics of the USSR Academy of Sciences. These measurements
point to a comparatively small difference in the brightness temperature,
that is 1.5 * 0.5% as an averace for a lunation., The amplitude of con-~
trast. periodical variations does not exceed 3 percent. A conclusion is
derived on the closeness of characteristics for the regions compared.
The excess of night temperature of the "maria" surface in the Mare Sere-
nitaties region, as compared with the corresponding temperature of conti-
nental suriace in the Sacrobosco rezion, is ~ 8%, This is evidence of

rameter V= (kpc)~h of these regions' material as

* *

l.- SETTING UP THE PROBLEM,-

The creation of radiotelescopes of high resolving power, to
which belongs the radiotelescope PT-22 of the Institute of Physics of

the USSR Academy of Sciences [1], allows in particular the investigation

* 0 RADIOIZLUCHENII I RAZLICIIYAKH VERKHNEGO POKROVA "MORSKIKH" I
"MATERIKOVYKH" OBLASTEY LUNY,



of the two-dimensional distribution if radiobrightness along the lunar
disk. The first stage of such kind of investigations, carried out on the
above-mentioned radiotelescope, provided "radioimages" of the Moon in the
8 mm wavelength [2] and in certain waves of the centimeter band. [3, 4].
These investigations have allowed to reliably establish the pre-
sence of lstitude distrivution of brizhtness temperasture, conditioned by
the decrease toward the poles of brightness temperature caused by solar

radiation and to set up # law of such decrease. fnalvsir of radial distribu-
tion of brightness temperature on the lunar disk allowed the estimate of the

lunar mantle's dielectric constant, found to be close to 1,.5.

Investigated also in a series of wavelengths was the variation of bright-
ness temperature oi the central vart oi the luner adisk as a function of
change of lioon's phases [5], wiich provided new proois of the validity of
the one-layer model of its mantle.

The next stage consisted in investigations having for object to
clarify the cguestion to what extent the separate re -ions on the Moon differ
by their paysical proverties and chemical or mineralogical composition.

In order to resolve tiis guestion it is recessary to measure the intensity
of radio emiscion of comparable resions with the help. of a radiotelescope
of sufficient resolution. ith a sharp razdiztion pattern of ~ 2' width
there may be onlv guestion of comparing the regions on the lunar surface
with a ~200 km diameter, that ir, consisting . of separate "maria" and
"continents". It should be noted in this connection, that the results of
obrervations, conducted with dis=rams of 5 -~ 7 angular minutes [6], related
te the » the 1unar disk, including even
lunar craters, must be approached with great carefulness.

What kind of informa.ion can be obtained from observation of radio
emission of sepzrate regions of the lunar disk ?

As is well known (see for example, L[71), Ta(p,¥,t) — the mean bright-
ness temperature of a small region with coordinates ¥,¢ at the moment of

tire t,is expressed in the following fashion :

Talp, P, t) = To+ Tycos (& -— ¢ —E), (1)

fn

where Td¢,¢)==[1—-R(¢nw][Tn-—z(Tn—~Tﬂﬂ(¢)]is the constant component of




of brightness terverature;

Ti(q)y ‘p) = [1—”(({7, \p)] X (’l(Tu‘~ Tu)"](\b) /‘ﬂ +28¢'ﬂ57’,+2620052r,

is the amplitude of the first harmonic of »rightness temperature's

varizble component. iere T, and T, are reepectively the surface tem-
verstures at lunar midday and midnirht, (9, ¥) ie the radiowave reflection
fzctor, determined in the general cese by the dielectric constant € and
tve derree of roughness of the surface of the emitting layer, 6=1L/Ir is
tre ratio o: the penetration depth of an electromagnetic with a given
lensth, dependent upon the electrical properties of the material, to the
penetration depth of the thermal wave, dependent upon the thermal para-
meters of the material., E==arctg[8cosr’/ (1+Scos7)} is the lag of the first
harmonic of brightness temperature relative to illuminance phase of the
point considered ®y=Q¢t—¢ jr' is the angle between the direétion of the

visual ray and the normal to the surface at observation point, with, at

the same time cosr’ = V(e — 1+ cos?@cos® ) le.

The distinction cetween the properties of two regions, for example,
the "maria" and the "continental' must be generally speaking, manifest
in the difference in brightness temperatures 75 and Tx on account of
several causes.

First of all the temperztures at the surface of the Moon at local
lunsr midday and midénight may, generally speaking, rerult differeant in
various regions, depending upon the megnitudes of optical albedoes
(degree of blacknese). in the visible and infrared portions of the spectrﬁm.
which leads to differences in the solar radiation absorbed by the surface
and in the cooling rate of the surface as a consequence of outward, space-
bound radiation*. |

Measurements conducted in the infrared band by M, N. Markov and
V.L,.Khokhlova [8], while evidence of excess of brightness temperature
of "maria" regions over '"continental", point at the same time to the
smallness of the emitting capability or albedo difference of "mariag"
and "continents" in the 8 — 13w band [13].As was shown by the recent

The temperatures, settling at midday and midnight on Moon's sur-
face, depend also on the intensity of heat extraction at the expense of

material's conductance in depth.

* Fgr simplification we admit that heat transfer is absent along the .
gurIece.




calculations by krotikov and Shchuko [9]1, tlie variation of the parameter
Y == (kpc)-'h*, dciermining the heat balance, rxerts practically effect only
on the nignt temperature of Hoon's surface T, . The day temperature T,

is nearly independent from Y.

Further, brightness radiotemperatures of comparable resions can
differ bhecause of differences in the dielectric constant and the degree
of rouchness, Finally, the difference in the values of amplitude and
phase of the veariable corvonent of brightness temperature may be caused,
besides the indicated czuses, by the aiilerence i electric and thermal
paremeters of the emittine laver in conperaztle rermions, deiining the value
of tle vparareter 5.

The low vzlue of the effective dielectiric constant, which was mea-
eured by verious metlods durine iﬁvestigations of Moon's naturzl radio
emission, and tiie radar investigetions in the microwave band, completed
rece:tlv [10], provide the besis to assume, that the emitiing capability
of verious areas departs very little from average.

Therefore, if mezsurements had revealed discrepancies in the
brichtness teuperature oi coriparable rerions, this should be evidence in
the first place, of the difierence of night temperature on the surface and
of oi differences in parameters § of the upper mantle of these regions,

which in its turn would spesk of difierence of its material.

2. - RADIO EMISSION QF SEPARATE REGIONS AND CHARACTERISTICS
OF THEIR MATERIAL

Measurements of radio emwission of sevsrezte regions may provide
the greatest information on the meterial of lunar mantle in the case,
when these measurements have a character of absolute measurements, as a
rerult of which one may obtain with great precision the values of bright-
ness temperatures of the corresvorndin: regions as a function of phase.
Hovever, as is well known (see, for example, [11]), such measurements
with the help of sharply directed antennas are rather complicated. We
shall show, that utilizing the presently known data on the mean parameters

of the Moon and effecting tine relative measurements of antenna temperatures

* Here k is the conductance, F is the density and ¢ — the heat capacity
of the material.




of comparable regions, on may obtain , at xnown reasonable assumptions, a
sufficiently reliable information on the variety of properties of these
regions' material.

Let 7n(9n¥s,) and 7Tu(ge,¥2!} be the brightness temperatures of
two regions of the lunar disk, averaged b}} the main lobe of a sharply-
oriented or high-directional (pencil beam) antenna. To simplify the
transformations we shall assume that the rerions are so selected, that
their selenographic longitudes ¥y and L) coincide, vrile the latitudes
sre ecu2l in their absolute values : }{y| = ]¥2| =¥. Ve shall further
admit thet the values of the pzrameters §,f and T of the correcponding

recions may be reprecented in the form

br=06+A4A8, &=08—A5 L =F+A H=EFE-—AL
Tu.=Tn+ATn, 1. =Tn"—ATn, (2)

where §. ¢ and T, are the values of the respective guantities for a
uniform model of the Moon, while the deflections from these values A§, Al
and ATy are small. loreover, in correspondence with the results of compu~
tations of reference work [9], we admit, that T ,i.e.the temperature of
the subsolar point in regions 1 and 2 is identical,

Let us introduce the denotations

O = thy —E, Gy, QU —¢
1 4 20 cos r’ - 207 cosT s = f (D), 3)
cosr’ (1 4 20 cosr)/£(5) = g(9). :

Takinr~ into accoint thrt for small Af the vzlue
cos (D = AE) = cos @ T sin QAE,

and 2lco reiecting tie terms conteinin~ the products of small cuantities

ATs, A and Ak, we shall o-trin from (1)

To—Ta =201 — )| AT {1 -2 - am(p) 252
(4= AT 1= a0+ ann) )
, sin MAE — g(8) cos PAS
—a,l) 11) ——
ne) 179) ]
. [ a ajcos®D
Tg, Tx,=2 1‘-1{ ‘Tg D —_— -
+In =2 =8| Tt Do) F =22 ] @




Hence
ag a; o5y
1—n(p) (2 "2
Tﬁg—Tﬁ__r 2 Y 6 /
F(@)= 72 TE = AT, — - a'/,léos)(l) +
Ta+ Dn(y) ('2— _*H—ET‘)
D )
‘L,_l‘-(ﬁ (sin DAL — g(8)cos DAD)

LV | )

T - Dyly) (-"“-— aeosD )

2 ¥/(6)

Thereiore, the relative difference of brightness temperatures
of comparzble resions may be represented in the form of linear combina-
tion of small difierences of night temperature T, , of phase £ and para-
meter § shift, while t-e coefficients in (5) will be the cusntities, de-
termined by the mean vazlues of the correcronding parameters. Note, that

because of the presence of coe:ficients depending on the mean radiophase

®, the relative difference of brightness teuperatures will not remain

cons* - : during the lunation, but will be the sum of periodical functions
0i ti.. :atau phase O :
a—+ bcosd esin® . _M
F((D)=.};"-}-dcos—(_ﬁA 'i+—c¥!-(lcos(l) s c+deos® (6)

Ve shall seelzs bhe firet turee Fourier coefficients of this function:

1i

1+" 1 ‘i::‘( 1 +n
Fy= 1_51 F(D)dD; Fy= ‘21{_\ F(®)cos OdD; F2=QE_§F((D)sm Odd.  (7) ‘
It is evident tn-t all these coe.iicienis are a linear combination of
the guantities A7, A anc AS.
The set of vclues F(d;), obtained as a result of observations
during one or several lunctions ar phases @i, can be approximated by a

certain periodical function, for example :

G(D) =4 +—~Bcos® + Csin D, (8)

the parameters A, B, C of which may be found by the method of least squares.
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Comparison of the computations parameters ?}Pfa_and i% , obtained from
data on mean characteristics of lunar material, with the corresponding
parameters A, B,C, obtained as a result of relative observations of radio-
contrasts, provides a system of linear equations, the solution of which
allowing to find the differences ATy, AE and AJ. searched for, Comparison
of the value A% , obtained by the indicated method, with the values, stem-
ming from the dependence of &£ on S, obteined in a one-layer model (1),
mey cerve as an independent criterion of apvliczbility of the model utili-
zed.

Let us consider now the means of passing to brightness temperatures
of interest to us, from directly measurable antenna temperatures of compa-

rable rezions. The latter may be written in the form:

Te,y = Tay, (1 —B,,) + Tall, = Koy,

1.9 A2\

Here Tx is brightness temperature of the Moon, averaged by the visible disk;
1—Pra and Pa are the scattering coefficients of the radiotelescope antenna
in so0lid angles beyond the main lobe and within the limits of the lunar disk
respectively; “i,z: are the accretions of the readings of radiometer's
output device, corrected for absorption in the atmosphere, when bringing
the antenna on the investigated regions; the coefficient k is the conver-
sion multiplier depending on apparatus parameters., It is assumed that k does
not vary during the time of a single session.

It may be shown that

To,—Tn, _ ai—azl—'i-l- TaPa 'l

F(@)= ——= ~ F ;
’ T, + Ia, ai-+az L Ia(1—Bra) 1

(10)

where Ta=1/(Ta,+ T,) and E; may be computed for any ¢ and operating
wavelength A [9].

Admitting Bex and Pr remaining invariable during the measurement
cycle, we may determine from the results of measurement of antenna tempera-
ture the relative variations of brightness temperaturés of comparable
regions, and then, using the above-described method, determine the variations

ATy, At and Ab searched for.




. — XSLULTE OF Me.SUNELTS IN 81 WAVELENGTH

P

The first atternpts to detect ©brightness differences in radio emis-
=ions of sevnarate rezions of the lunar disk were undertaken by us concure
rentlv with A, 7, Kislvazov [(12] 3in 1971, in the 8Smm and 4 mm waves.
“hrervetions by method of pes-inegs of two svmmetric regions relastive to
latitude — '"marie" and "continental™ - were conducted near the radioquadra-
tures. thast is at phases QPl™>3/2. A smell excess in brightness temperature
of the "maria" region by comparison with the "coniinental", constituting
(8 *1.5)°K, was observed in both wavelengths.

The investigations in 8 mmwaves were pursued in 1963, with the
method being improved. Two regions were selected: they were situated at
closer lon;itudes and latitudes, and ecual in magnitude ., One of them, was
continental (9= + 22°, ¥ = — 220) in the region of the Sacrobosco crater,
and the other one — "maria" (¢ =18°, ¥=22°) in the region of Mare Sereni-
tatis. At time of observations, computations were conducted with the aid of
a2 special plotting board of optical guide sight installations, assuring
the alternate overlapping of the electrical axis of the radiotelescope
with each of the regions studied. The correction for the libration wes
taken into account. The observer followed the visible limb of the lunar
diek, retaining it at the reticule, each time placed into the calculated
porition. rirst of 211 rlisnment took plsce of electrical axis along
Juvoiter emisrion, Then zltern=ate recordinss of emission from comparable
rezions too: plrce, =lonsgside wit: tnat of the az2tmosphere at Moon's height.
To control the constence of amrlification in the course of a session,
czlibretion sisnals were used, which were fed from a gas discharge noise
cenerztor. The relstie difference in brirshiness temperatures , that is

(l4y—Tn)/(I's, + Tw) was then obtained from formula (10), in which ——

¥, and Az wvere obtained by graphical averaging of recordings, conducted

during time intervals ecual to (20 - 30)T, where T is the time constant

of the output filter oi the raciometer, and the gquantities T and T for

the phase @, corresponcins to observation time, were taken according to [9].
The vzlurs of the scattering coefficients were obtained by the

metrod of measurements in the nearer zone [11] and for the period of
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measurements they constituted :?m = 0,57 and P-" = 0,33, The measurements
were conducted in the course of 25 days of June, July and August 1963,
Complementary measurements were conducted in February and March 1964,

These results are plotted in Fig.1l.

O}

In order to draw conclusions g T I -
on the presence or absence of diffe-~ 4—” ‘21, A\'
2 2 b
i i ALl el A \ 1
rences in the physical parameters of _g & ALY X
conparable regions, the expression -4 ' :
-i
(5) was concretized for the condi- 21 1 1
0 & & 120 180 20 N0 280 20 e

tions of measurements*. According to

RV - :
[2] the following was admitted : (T asop= Tuar ) / (Tamop +Txear)

e=15 0=2 ,5=233 Ta=40K Iu=125°K, n($) = Yoosy.
For % and ¥ of the investigated regions cos r' = 0,916, Substituting the
numerical of the mean values, and replacing Ag by its expression through
A8 we shall obtain:

0.634 4 0.16 cos O 0.375 cos @ — 0.008 sin @ sin O

228 — 46 cos @ ATw + & —cos® As— S —cos® Ak

F(®)= (11)

Inasmuch as Al =2°, the last term attains 0,8 %.

In correspondence with method described in paragraph 2, the con-
junction of measured values of F “PL) should be apvroximated by a func-
tion of the type (8) and further, comparing the coefficients of the func-
tion (8) with the Fourier coefficients of F (®), we would obtain the
differences AT and A§ searched for.

Upon substitution in the expression for the coefficients of the
Fourier function F (@) of the numerical values, the corresponding equa-

tions, according to (11), will take the form

3-10-3AT, + 7-10-%A6 = 4,
1.3-10-°AT, + 7-10-2A8 = B, 1)
—1.6-10-2A6 — 7-10-°* =C.

* In (5), the correction for Sun's latitude difference for the comparable
regions is not taken into account. However, for the indicated period of
observations it did not exceed 1,6°, which leads to relative variations
of brightness temperatures not exceeding 0.3%, The difference in longitude
would lead to additional shift of phaces by Af,=2"=35-10"* rad.
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The processing of results by the method of least sqguares (see
Fiz. 1l ) has shown that tie mean value of the coefficient A would be
A =(+1.5 % 0.5 -10f2), that is, the brightness temperature of the
"maria" resion would be in all 1,5% higher than in the "continental"
region as an average for a lunation period.

So far, the measurement precision allowed to provide only an es-
timate of the amplitude of function's F (@) harmonic term. The approxi-
mation of coincidence of the results of measurements leads to the corre-
lation yﬁz'—_}_'—c—".<-3-10—2. Utilizing the first equation (12), we have

ATy = 5.0 — 2.3 A8,

The substitution of (17) into the second equation (12) leads to the
inecuality :

[42(A8 + 0.1)2 4 2.9(AS + 0.4)2]10~* = B2 4 C? < 9-10, (13)

whence (AS 4 0.12)2 << 0.21 cr —0.58 < A§ << 0.34. Correspondingly, we have

42° < ATy << 6.4° Therefore, the temperature difference on the surface of
comparable re ions is found to be within the limits &8 -~ 13°, with the
"maria'" recion being hotter than the "continental". Comparison of these
values with the results of measurements in the infrared [13,14] provides
the basis to accept the value ATH = 4,2 + 2° as more reliable. The
corresponding value is 0§~ + 0.34. Thus, the parameters of comparable
rerions differ by no more than 0.7 and at average value § =2, they
constitute 81 = 2,35 for the "maria" re-ion and 82 = 1,65 for the
"continental" recion, with the precision of determination of Aé for a
given ATy being *0.05. According to theory [7], a conclusion may be
derived therefrom, that the “eontinental" region is possibly somewhat
more '"porous" than the 'maria". .

Trerefore the observations are evidence of comparatively small
differerce in the parameters § , and also in night temveratures at sur-
faces of comparable }egions, which points to the relative uniformity of
the material constituing the upper mantle. If the latter is to be escri-

bed to differences in the properties of the material abuting to surface,
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then, assuming ATy = 4%, we obtain Tg, = 125°K and TH2= 121°K.
Utilizing the results of calculations of ref. [9], we obtain the values
of the parameter for the materialigorresponding regions (at the average
value Y = 400): 1vi2~~ 350, y: ~ 450, that is, the relative parameter differen-
ces are near 25%. It ie necessary to note that the results of measure-
ments, conducted by ué in the 8mm wave, refer to the layer situated
above the surface at the depth near 15cn,

The conclusion on the relatively small difference in the para-
meter Y of "maria" and "continental" regions was also recently obtained
by M.N.Markov and V.D,Khokhlova [13]., Such a result was obtained
according to data of infrared emission flux measurements of the dark sur-
face of the Moon. It was also shown in [13] that the albedo of "maria"
end "continentsl" regions in the 8-—13,» band, probably differ little
fro-. one another. That is why the Sinton assumption [14], estimating
that the observed discrepancies in brightness temperatures of the infrared
emission of the indicated regions are linked with the difference in the )

albedo, are not corroborated, as. is now seen.

Comparison of our data with those of infrared measurements [13]
points to the fact, that the difference in the material's properties does
not vary very much with depth, at least in a layer of 25cm thickness.

Therefore, the first results of comparative investigations of the
microwave emission of "mazria" and "continental" repions with the aid of
a radiotelescove of high resolving power point to a probavle analogy of
the upver mantle of these rerions. Such conclusion corroborates the vali-
dity of considering the superficial layer of the Moon as quasi uniform
alons thie surface., Subseouent measurexents, in particular those in wave-
lengths near 2cm, will allow to determine more accurately the degree

of inhomogeneity of the surface layer.

The authors are grateful to N, F,Il'yin, A.N.Kozlov and V, G,

Kutuz for their help during obeservations and setting up the apparatus.
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